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SUMMARY 

The  development  of  a  portable  harmonic  response  tester  for  a.o. 
servo  systems  is  described  up  to  the  construction  of  the  laboratory 
prototype  model.  The  equipment  is  largely  transistorised  and  provision 
is  made  for  incorporating  a  d.c.  adaptor,  the  design  of  which  is 
discussed,  at  a  later  date. 
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HARMONIC  RESPONSE  TESTER 


1.  INTRODUCTION 

A  harmonic  response  tester  for  servo  systems  was  developed  at  the 
laboratory  in  1 954  and  4  models  were  constructed.  The  evaluation  and 
use  of  these  instruments  for  obtaining  Nyquist  diagrams  for  weapon- 
control  servo  systems  showed  a  number  of  limitations  in  their 
electrioal  characteristics.  In  addition  the  two  units  comprising  the 
tester  were  too  heavy  for  easy  portability. 

A  start  was  made  in  1959  to  design  a  transistorised  version 
incorporating  a  number  of  refinements.  Many  difficulties  were 
experienced  during  tho  early  development,  largely  beoause  of  the 
limited  range  of  transistors  available;  as  silicon  types  became 
available,  difficulties  duo  to  d.c.  drifts  were  gradually  eliminated. 

Considerable  effort  was  expended  in  designing  an  amplifier 
suitable  for  a  dual  tester  (for  a.c.  and  d.c.  servo  systems)  but  the 
required  closed-loop  gain  was  1000  and  the  versions  developed  proved 
.insufficiently  stable.  Eventually  it  was  decided  to  concentrate  on  a 
model' suitable  for  a.o.  only,  which  would  oator  for  the.  majority  of 
Servioe  systems.  The  agreed  specification  for  this  version  is  shown 
in  the  Appendix,  and  a  general  view  of  the  equipment  is  shown  in  Fig.1 . 


2.  BASIC  SYSTEM  (Fig.  2) 

The  tester  was  designed  for  analysis  of  servo  systems  employing 
a  400  o/s  carrier  and  provision  is  also  mode  for  operation  on  1100  o/b 
supplies  (to  be  tested) . 

The  signal  generator  section  has  a  maximum  output  of  10V  (peak) 
into  a  load  of  minimum  impedanoe  1  IcO  ,  and  its  modulation  frequency 
oan  be  set  (in  2  ranges)  from  0.15  to  50  o/s.  An  additional  faoility 
gives  a  frequency  sweep  from  the  set  frequency  to  zero.  Provision  is 
made  for  variable  reset. 

The  amplitude  and  phase  measuring  section  has  an  input  impedanoe 
of  more  than  1  III!  with  both  input  and  output  terminals  isolated  from 
earth  and  eaoh  other.  A.C.  (i.e.  modulated  carrier)  signals  only  can 
be  aocepted.  Amplitude  is  read  directly  while  phase  ohange  is  obtained 
by  a  nulling  method. 

A  stabilised  power  supply  unit  provides  d.o.  rail  voltages  of  +20, 
0  and  -20V. 


5.  SIGNAL  MKiiRAIOR  (Fig.  3) 

The  signal  generator  incorporates  a  gearbox  in  which  two 
Type  11  CXAb  synohros  geared  10:1  are  driven  by  a  velodyne  system. 

The  speed  of  the  velodyne  system  thus  determines  the  modulation 
frequency  of  the  A 00  o/s  signal.  Site  18  motor  and  taohogeneirators 
are  used  and  the  gearbox  is  screened  to  reduoe  interference  generated 
by  their  commutators. 

A  simple  d.o.  amplifier  provides  the  drive  for  the  motor,  with 
negative  feedback  from  the  taohogenorator.  The  frequency  is  set  by 
a  logarithmio  potentiometer  (RV4)  which  gives  good  setting  oontrol 
at  the  low  speeds. 
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2. 

The  maximum  froquenoy  of  5  o/s  on  low  range  (50  o/s  on  high  range) 
is  preset  by  feedback  adjustment  (RV2) ;  the  minimum  frequenoy,  about 
0.15  o/s,  is  preset  by  a  bias  adjustment  (HV3). 

A  frequenoy  sweep  which  has  a  ohoioe  of  two  decay  timos  oan  be 
selected  by  SW7* 

A  switohed  output  transformer  provides  an  output  which  oan  be  set 
over  the  range  of  0  to  10V  (peak)  with  an  error  of  less  than  1  mV  (peak) 


A.  RESET  AMPLIFIER  (Fig.  4) 

A  resetting  device  can  be  inserted  in  series  with  the  generator 
output  to  give  a  variable  value  of  feedback  in  ranges  0-5$,  5-1  C$, 
10-20$,  20-50$  and  50-100$.  It  is  essentially  a  transformer-coupled 
amplifier  with  a  push-pull  output  employing  overall  feedback  for  gain 
control. 


5.  AMPLITUDE  MEASirRMTNT  (Fig,  5) 

The  response  signals  from  the  servo  under  analysis  are  connected 
to  the  reset  and  amplitude  amplifiers  by  a  soreened  unit  containing  a 
high-impedanoe  isolating  transformer  and  a  double  triode  with  buffer- 
stage  transistors. 

The  range  switch  S78  allows  direct  reading  of  signals  at  ranges 
10  mV,  100  mV,  IV  and  10V. 

The  amplitude  amplifier. is  a.o.  coupled  with  considerable  local-, 
feedbaok'on  each  stage,  the  overall  voltage  gain  being  adjusted  to 
1000.  Its  output  is  connected  through  separate  demodulating  circuits 
to  the  amplitude  metering  circuit  and  the  phase  measuring  circuit. 

The  output  from  the  demodulator  in  the  metering  circuit  is 
virtually  the  peak-to-peak  value  of  the  modulation  which  is  referred  to 
the  base  of  the  first  emitter-follower.  As  the  meter  is  calibrated  to 
measure  20V  peak-to-peak  and  the  amplifier  overall  gain  is  1000,  the 
most  sensitive  f.s.d.  is  when  20  mV  peak-to-peak  is  applied.  Because 
of  diode  voltage  drops  in  the  demodulator,  the  smallest  signal 
measurable  is  2  mV  peak-to-peak,  and  tho  soale  (marked  0-1 OV)  has  the 
lower  portion  obliterated. 


6.  PHASE  MEASUREMENT  (Fig.  6) 

A  Type  11  CT4b  synchro  is  included  in  the  phase  measuring  circuit 
and  the  phase  of  its  output  may  be  set  by  hand  to  any  desired  value 
with  respect  to  the  response  signal.  It  is  connected  to  the 
Type  11  CXAb  synchros  in  the  signal  generator. 

The  output  of  tho  Type  11  CT4B  synchro  is  fed  via  a  reference 
transformer  to  a  demodulator  summing  circuit  in  which  it  is  added  to 
the  error-signal  output  of  tho  amplitude  amplifier.  The  sum  of  the 
voltage  is  fed  to  the  grids  of  a  pair  of  electrometer  triodes 
controlling  an  emitter-pair  coupled  through  a  centre-zero  microammoter. 

When  the  phase  change  is  nulled  correctly  the  meter  needle 
swings  equally  about  the  centre,  the  frequenoy  and  amplitude  of  swing 
being  dependent  on  the  modulation  frequenoy. 

Provision  is  made  for  cuicsoont  balance  of  tho  oleotrometer  triodes 
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7.  POWER  SUPPLY  UNIT  (Fig.  7) 

The  power  supply  circuit  is  conventional  and  oonsists  of  two 
linked  identioal  full -wave  reotifier  oirouits  fed  from  a  transformer. 
The  25V  supply  for  the  signal  generator  velodyne  is  also  derived  via 
rectifiers  from  the  same  transformer. 

The  unit  also  includes  switches  used  for  setting  up  the  amplifiers 
and  making  pro-operational  oheoks.  The  mains  input  switoh  is  oontainad 
on  a  separate  chassis  (Fig.  3)* 


8.  FIRST  LABORATORY  PROTOTYPE 

The  first  prototype  uses  XMHOF  modular  chassis  mounted  in  two 
19x7.  in.  frames  bolted  together,  making  the  overall  size  20  x  16  x 
11  in.  Most  of  the  transistor  circuitry  is  mounted  on  VEROBQARD  and 
the  units  plug  into  MICHOCON  sookets. 

A  further  report  will  describe  the  use  of  this  unit  on  various 
servo  systems. 


9.  SECOND  LABORATORY  PROTOTYPE 

A  number  of  improvements  will  be  made  in  the  design  and  oon- 
struotion  of  the  second  model  and  may  be  applied  retrospectively  to 
the  first. 

These  inolude: 

(a)  Use  of  smaller  meters  which  vdll  reduoe  the  width  of  the 
amplitude  and  phase  measuring  units  and  the  signal 
generator  unit  to  4  in. 

(b)  Rodosign  of  t.10  gearbox  so  that  the  fast-driven  synohro 
is  deolutohed  when  the  signal  generator  is  being  used  on 
the  low-frequenoy  range.  The  use  of  an  in-line  motor- 
taohogenorator  is  also  being  considered. 

(o)  Redos ign  of  the  phase  indioator  to  replaoe  the  present 
gearing,  dial  and  geneva  wheel  mechanism  by  a  counter. 


10.  D.C ■  ADAPTOR 

Provision  is  made  for  the  inolusion  of  a  d.o.  adaptor  in 
Model  1 .  It  is  envisaged  that  this  would  take  tho  form  of  a 
low-gain  d.c.  amplifier  (ohoppor-stabilised)  followed  by  a 
modulator.  It  would  also  inolude  a  demodulator  for  the  signal 
generator. 

There  are  considerable  difficulties  in  developing  this 
circuitry  and  it  may  be  deoided  that  the  limited  use  with  d.o. 
does  not  Justify  the  over-oomplioation  of  the  tester. 
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HARMONIC  H5SPONSB  TESTER 


AFPINDIX 


Specification  for  Harmonlo  Response  Tester  - 
115V.  400  o/s~Servo  Systems 

(200V,  1100  o/s  syatens  with  minor  modifications) 


(a) 

Signal  levels 

1  mV  to  10V  peak  of  oarrier 

00 

Minimum  tester  input  impedance 

>  1  HD 

(o) 

Modulation  frequency  range 

0.15  to  5  o/s 

5  to  50  o/s 

(d) 

Sweep  frequency  exponential  decay 
time  constants 

30  seconds 

140  seconds 

(a) 

Minimum  load  impedance 

1  kfi 

to 

Maximum  load  voltage 

10V  peak 

(g) 

Accuracy  of  phase  measurement 

2° 

(h) 

Response  amplitude 

1  mV  to  10V  peak 

(i) 

Resetting  eontrol  steps 

Os  5:10: 20:50:1 0C95 

(J) 

Input 

Isolated  (earth  and  output) 

to 

Output 

Isolated  (earth  and  input) 

(1) 

Power  supply 

As  for  servo  under  test 
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Raf. 

Description 

?ett. 
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- — i 
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*  \ 

Rating 

Roots tors 

Ohms 
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HI 

Connosition  0-1 
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5  1 

A 

% 

R2 

021  •  6145 

220S 

"  i 

II 

R3 

if 

021  -6965 

1M 

"  i 

ft 

R4 

If 

021  •  61 29 

120IC 

It  1 

II 

R5 

n 

021  -60.51 

27K 

tt 

It 

R5,  R7,  R8 

it 

021-6001 

1  CSC 

tt 

n 

R9 

if 

C21  -5261 

IK 

It 

tt 

RIO 

w 

021  -5021 

1 5 

II 

11 

R11 

021-61 29 

•1 201c 

n 

tt 

R1 2 

.. 

021-6962 

1CM 

tt 

f 

R13 

•1 

021  -0790 

1 8K 

1 

1 

R14 

ft 

021  -072':- 

1 .  SIC 

" 

tt 

R15 

tr 

02i  -0652 

130 

11 

it 

R16 

H 

20 

" 

it 

1 

* 

R17 

U 

021-6101 

6d:c 

5 

R18 

ft 

021  -5341 

6. as 

" 

HI  9 

M 

021 6;  01 

68K 

it 

R20 

H 

or  -5271 

1.85. 

ti 

it 

R21 

ft 

021 610! 

68K 

tt 

* 

R22 

t: 

02 i -5341 

6. SK 

it 

it 

R23 

n 

0216211 

560 

tt 

tt 

R24 

» 

0216925 

330X 

tt 

" 

R25 

R26 

;t 

Wire  Vound 

02.1-5341 

6.85 

330 

tt 

tt 

6 

R27 

R28,  29 

Composition  G— 1 

02.  -5271 

1 .3K 

ICO 

" 

2 

1* 

R30,  31,  32 

Composition  G— 1 

021-5620 

320 

i 

R33,  34 

it 

021  -5640 

IK 

R35,  36 

It 

0216211 

1 0K 

R37,  38 

It 

021  -5800 

4.7K 

R39,  40  VI 

ft 

0216450 

•lOOi: 

R42 

II 

021  -57-20 

2.2K 

H43 

II 

021 6350 

39K 

11 

R44 

tt 

021 6291 

22K 

tt 

it 

R45,  45 

II 

02 1 6271 

18K 

»t 

it 

R47 

It 

021-6370 

474 

R48 

tt 

021  -5640 

IK 

it 

it 

R49 

tt 

021-0773 

10K 

1 

i 

R50,  51 

II 

021  -0727 

2 K 

R52,  53,  54 

II 

021 -0706 

IK 

R55 

It 

021-0790 

15K 

R56 

II 

021  -0715 

1.5X 

R57 

It 

021  -0706 

IK 

tt 

It 

R58 

It 

021  "0709 

1.15 

|  R59 

'* 

021  -0778 

10K 

i  * 

1  R60,  61 

ft 

!  021  -O'7  27 

2K 

I  « 

1 

j  R52 

It 

i  O21-O7O0 

IK 

1  R63,  64,  65 

,1 

!  0216211 

;  1 0K 

2 

1  * 

j  R66 

;t 

:  021-5341 

6.8K 

** 

1  " 

I  R67 

M 

0216251 

15K 

tt 

r  « 

j  R68 

it 

1  021-5640 
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i 

IK 

tt 

j 

l  ^ 

i 

F 
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TABIiE  1  (Page  2) 

HaRUOHIC  RESPONSE  TE-3TSR 
COMPOIIB-TTS  LIST 


Ref. 

Description 

i  .  ... _  .. .... 

Resisti 

dts  (contd.) 

R69,  70 

Composition  G—1 

H71,  72 

it 

R73,  74 

ti 

R75,  76 

ii 

R77,  78 

it 

R79,  SO 

it 

R81,  82 

R83,  84 

Wire  Yfound 

R85,  86 

Composition  G~1 

R87,  88 

« 

R89,  90 

Wire  Wound 

R91 

Composition  Gr- 1 

R92,  93 

n 

R94,  95 

it 

Potentiometers 


RV  1 

KVC  154 

RV  2 

Trimpotr. 

KV  3 

n 

KV  4 

Log-potr. 

HV  5 

Trimpotr. 

RV  6 

11 

RV  7 

tl 

RV  8 

RV  9 

Trimpotr, 

RV  10 

KVW2 

RV  11 

it 

RV  12 

it 

RV  13 

KVC  154 

KV  14 

Trimpotr. 

RV  15 

II 

RV  16 

KV.72 

RV  17 

HVW8 

Capacitors 

Cl,  2 

Electrolytic  (T4) 
(Pellet) 

C3,  4 

Electrolytic  (T4) 

C5,  6 

II 

C7,  8,  9, 

Eleotrolytic  (TA) 

CIO,  11 

Cl  2 

Electrolytio  (TA) 

Cl  3 

Cl  4 

RESTRICT 


Patt . 

!  No. 

i 

' 

Value 

Tol. 

Rating 

Ohms 

| 

Watt3 

021-6962 

10M 

5 

i 

021-6962 

10M 

If 

II 

021  -61 21 

100K 

It 

’I 

* 

021-5251 

1.2K 

It 

It 

;  021  -6041 

22K 

II 

II 

021-5101 

68 

" 

| 

ft 

021  -5701 

1.8K 

2 

1 

? 

A. P. 52443 

3 

2 

!  021  -5640 

IK 

2 

1 

!  021  -5581 

560 

2 

i 

024-5001 

1 

10 

021-6211 

10K 

2 

? 

021-0849 

100K 

2 

7 

021  -0849 

100K 

2 

it 

011-9467 

50K 

20 

1 

972-7194 

20K 

10 

1CK 

10 

ti 

25K 

5K 

10 

1 

IK 

10 

5K 

10 

■? 

5 

100 

10 

i 

011-9861 

5K 

10 

1 

i 

011-9857 

250 

H 

it 

011-9853 

10 

It 

M 

01 1 -9468 

100K 

20 

i 

100 

10 

i 

100 

II 

it 

011-9853 

10 

10 

i 

tip  Volte 

012-0138  140  20  30 


"  10  i  " 

1  ! 

014-5297  25  i  50 

o.i  ! 

012-0138  140  |  20  30 

Z1 15571  1  25  350 
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HARMONIC  RESPONSE  TESTER 


COMPONENTS  LIST 


Rating 


Capacitors  (contd.) 


ci6,  17 
C18,  19 

C20,  21 
C22,  23 
C24 

C25 

C26,  27 
C28 


01 2-0600  |  0.05 
Z116311  j  1 


Electrolytic  (TA)  2145328 

ft  n 


Eleotrolytio  (TA) 
(Pellet) 


012-0138  j  3  x  140  j  20 

"  j  3  x  11*0 1  " 

"  1  140  j  " 

H  i  2  X  140;  " 


Diodes 


D1,  2  I 

1 

000-4073 

D3,  4  ; 

i 

n 

D5,  6 

000-4074 

Meter 

Rectifier-Test 

n 

D7,  8 

2R11 

037-2024. 

D9,  10 

N 

n 

Dll,  12 

n 

II 

D13,  14 

n 

n 

D15,  16 

IS113 

037-2000 

D17,  18 

n 

n 

D19,  20) 
D21,  22) 

ZR21 

037-2013 

Meters 

Amplitude  B.P.L.  6714/I  5000 0 A 

Phase  B.P.L.  8271/2  20100 
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